
The Web as a Knowledge-Base for 
answering complex questions

Alon Talmor, Jonathan Berant

1



Complex Questions

2



Existing approaches

3



Existing approaches: Semantic parsing

Advantages: 
• High compositionality

Disadvantages: 
• Low coverage
• Requires schema

[Zelle and Mooney, 1996; Zettlemoyer and Collins, 2005; Artzi and Zettlemoyer, 2013; Krishnamurthy and Mitchell, 2012; Kwiatkowski, 2013; Liang, 2011] 

How many subsidiaries does Apple have?

Count(𝛌𝐱. 𝐓𝐲𝐩𝐞 𝐱, 𝐒𝐮𝐛𝐬𝐢𝐝𝐢𝐚𝐫𝐲 ∧ (	𝐏𝐚𝐫𝐞𝐧𝐭 𝐱, 𝐀𝐩𝐩𝐥𝐞 )

(Execute on Knowledge-base)
Answer: 3
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Marilyn Monroe was found dead of a barbiturate overdose 
in the early morning hours of Sunday, August 6, 1962, at 

her 12305 Fifth Helena Drive home in Los Angeles, 
California.

What did Marilyn Monroe die from?

Existing approaches: Reading comprehension

Advantages: 
• Does not require schema
• Wide coverage

Disadvantages: 
• Assume paragraph given
• Struggles with compositionality  

Hermann, 2015; Joshi, 2017; Rajpurkar, 2016; Wang, 2017; Jia and Liang, 2017; Chen, 2016 

Answer: barbiturate overdose
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Approach overview
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Observations

Thus, the missing piece is broad and 
complex question understanding

Answer: New Orleans 

Apply reading 
comprehension
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Assumption: 
Answering simple questions is 

possible with a search engine and a 
reading comprehension model



Approach Example

“What is the population of the largest economy in Europe?”

Decompose

“largest economy in Europe”

Query
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Approach Example

Answer

Germany
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Compose

“What is the population of Germany?”

Query

Answer
80.62M

Approach Example
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Contributions

• A framework for answering broad and complex 
questions through question decomposition 

• Pointer-generator network for question decomposition

• New dataset: ComplexWebQuestions
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Framework
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Task definition
What tau-nlp papers were presented in the recent NAACL?

Recent NAACL

SimpQA {Naacl 2018}Papers presented in VAR

Comp {pub1, pub2 .. }

Conj {naacl18 tau-pub1, naacl18 tau-pub2 .. }

What tau-nlp papers

SimpQA {tau-pub1, tau-pub2 .. }

• Leaves: strings - not necessarily in the input!
• Inner nodes: semantic functions
• Denotations: 

computation tree
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Dataset Generation
Where is the euro 2012 tournament?
?x ns:sports.event.host 2012_tournament.

?x ns:sports.event.host 2012_tournament.
?x ns:location.location.people_born_here ?y.
?y ns:book.author.book_published ns:m.04xq3nb.

Where is the euro 2012 and is the place where the 
publisher of the book Without End was born?

What city is the birthplace of the author of 
Without End  and hosted Euro 2012?

35,000 examples: questions, answers, SPARQL programs, 9,000,000 web snippets

1. Seed Question, WebQuestionsSP

2. Add compositionality using Freebase

3. Generate machine questions 

4. Paraphrase using Amazon Mechanical Turk

Convert to natural language (human)

Generate pseudo language (auto, Wang et al. 2015)

Add compositionality (auto)

Lviv Adam Zagajewski Without end
born here books published
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Human Paraphrasing
Compositionality Example (Natural Language)

Conjunction “What films star Taylor Lautner and have costume designs by Nina Proctor?”

Superlative “Which school that Sir Ernest Rutherford attended has the latest founding date?”

Comparative “Which of the countries bordering Mexico have an army size of less than 1050?”

Composition “Where is the end of the river that originates in Shannon Pot?”

Machine question vs Natural language edit distance
16

Type %
WH-Modifier 18%

Major Reorder 22%
Minor Reorder 42%

Synonyms 54%
Skip Words 27%
Add Words 29%

Prevalent phenomena in paraphrasing



Paraphrasing Analysis
Type Machine Generated Questions Paraphrased Questions %

WH-Modifier what movies does Leo Howard play in and 
that is 113.0 minutes long?

Which Leo Howard movie lasts 113 minutes? 18%

Major Reorder Where did the actor that played in the film 
Hancock 2 go to high school?

What high school did the actor go to who was 
in the movie Hancock 2? 

22%

Minor Reorder what to do and see in Vienna Austria and the 
number of building floors is 50?

What building in Vienna, Austria has 50 floors? 42%

Synonyms where does the body of water under 
Kineshma Bridge start

Where does the body of water under Kineshma
Bridge originate?

54%

Skip Words what movies did Miley Cyrus play in and 
involves organization Cirkus?

What movie featured Miley Cyrus and involved 
Cirkus?

27%

Add Words what to do if you have one day in Bangkok 
and the place is an amusement park that 

opened earliest?

Which amusement park, that happens to be 
the one that opened earliest, should you visit if 
you have only one day to spend in Bangkok?

29%
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Model
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Training Data
Option 1
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Option 2

Question

SimpQA()Text

Comp()

Conj()

Text

SimpQA

Text

Question

Hard to train with few samples Hard for humans, expensive

Answer



Training Data – Noisy Supervision

What films star Taylor Lautner and have 
costume designs by Nina Proctor?

Generate Machine Questions 
in pseudo language

Paraphrase using 
Amazon Mechanical Turk

Human

What do we know?
1. Question Compositionality 
2. Best split point of the machine generated question 

How to split the paraphrased questions? 

what films have taylor lautner starred in 
and in which costumes where designed by Nina Proctor
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Training data: alignment

what films have taylor lautner starred in  and in which costumes where designed by Nina Proctor

What films star Taylor Lautner and have costume designs by Nina Proctor?

Conj(, What, films, star, Taylor, Lautner, and, “,”, have, costume, designs, by, Nina, Proctor, )

“Noisy” supervision

What films star Taylor Lautner and have costume designs by Nina Proctor?
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Output Representation
Conjunction

Composition

Simple

“What films star Taylor Lautner and have costume designs by Nina Proctor?”

Conj(, What, films, star, Taylor, Lautner, and, “,”, costume, designs, by, Nina, Proctor, )

Comp(, the, river, that, originates, in, Shannon, Pot, “,”, Where, is, the, end, of, %VAR, )

“Where is the end of the river that originates in Shannon Pot?”

“Who is the director of the Matrix”

Simp(, Who, is, the, director, of, the, Matrix, )

program

program

program
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Pointer Generator

See et al. 2017
Attention Distribution Vocabulary Distribution

0.07 0.1 0.16 0.13 0.03 0.07 0.05 0.1 0.13 0.07 0.07 0.03

What films star Taylor Lautner and have costume designs by Nina Proctor

0.03 0.05 0.08 0.06 0.02 0.03 0.02 0.05 0.06 0.03 0.03 0.02 0.09
0.36

0.06 0.02 0.01

What films star Taylor Lautner and have costume designs by Nina Proctor Simp( Conj( Comp( , )

x Pcopy x (1- Pcopy)

0.17

0.68

0.09 0.04 0.02

Simp( Conj( Comp( , )

Pcopy = f(attention context vector, decoder input, decoder state)

Conj( 
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0.27
0.03 0.07 0.07 0.14 0.12 0.03 0.08 0.04 0.08 0.04 0.02

What films star Taylor Lautner and have costume designs by Nina Proctor

0.17
0.34

0.22 0.2
0.07

Simp( Conj( Comp( , )

0.29
0.04 0.07 0.07 0.15 0.01 0.04 0.07 0.04 0.08 0.05 0.02 0.01 0.02 0.02 0.01 0

What films star Taylor Lautner and have costume designs by Nina Proctor Simp( Conj( Comp( , )

What,



Baselines
• Google Box – answer at the top of google results

• SimpQA – Simple reading comprehension (Talmor et al. 2017), question as is

• SplitQA – Our question decomposition model

• RCQA – DocumentQA, Clark et al. 2017. question as is 

• SplitRCQA – Our Splitting applied on DocumentQA

• Human – 100 questions answering using search engine
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Results
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Analysis
Noisy Supervision Pointer Network

what movies does Leo Howard play in and that is 113.0 
minutes long?

Which Leo Howard movie lasts 113 minutes?

Where did the actor that played in the film Hancock 2 go 
to high school?

What high school did the actor go to who was in the movie 
Hancock 2? 

what to do and see in Vienna Austria and the number of 
building floors is 50?

What building in Vienna, Austria has 50 floors?

where does the body of water under Kineshma Bridge 
start

Where does the body of water under Kineshma Bridge 
originate?

what movies did Miley Cyrus play in and involves 
organization Cirkus?

What movie featured Miley Cyrus and involved Cirkus?

what to do if you have one day in Bangkok and the place 
is an amusement park that opened earliest?

Which amusement park, that happens to be the one that 
opened earliest, should you visit if you have only one day 

to spend in Bangkok?
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Future work
What were the question answering publications presented in the recent NAACL?
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Summary
Framework 

Model

Dataset
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Thank You!

nlp.cs.tau.ac.il/compwebq

alontalmor@mail.tau.ac.il
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